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GBM Data!
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TRIGDAT: limited data received in near real-time 
for triggers.!

CSPEC & CTIME: Continuous Spectroscopy and 
Timing data.   Covers 24 hours a day, with 
improved temporal resolution for triggers.!
It is received via delayed playback from the on-
board recorder.!

TTE: Time-Tagged Events: individual counts for 
triggers, with typical time coverage of −30 to +300 
seconds.   Also received by delayed playback.!



Ensemble Results: I!
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GBM Triggers (as of September 29):!

  552 Gamma-Ray Bursts (GRBs),!
  170 Soft-Gamma Repeaters (SGRs),!
  104 Terrestrial Gamma-ray Flashes (TGFs),!
  33 Solar Flares,!
  2 short transients!

45 GRBs resulted in automatic autonomous repoints 
of Fermi (more in the next talk by V. Pelassa).!



GBM GRB Catalog!
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GBM GRB Spectroscopy Catalog!
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Poster: Energetics of Fermi/GBM GRBs: !
A. Goldstein & R. Preece!



GBM GRB Localizations!
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GBM GRB Localizations!

8!

Localizations are produced in three ways, with 
increasing accuracy but greater delays.!
The location accuracies have been determined by 
comparing to locations of high accuracy from other 
instruments using a Bayesian method.!

Type! Delay! σ core!
(degrees) !

Core 
fraction!

σ tail!
(degrees)!

Flight SW! from seconds! 9.2!
Ground Auto! tens seconds! 3.2! 0.7! 9.5!
Human guided! many min! 2.8! 0.7! 8.4!

PRELIMINARY!



GBM GRB Localizations − II!
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All LAT GRBs that have been followed up within a reasonable delay 
have resulted in X-ray and optical detections and redshifts.!

Of the 18 LAT GRBs, only one was observed with the Swift BAT (talk 
by M. De Pasquale).  While GBM has larger location errors, it has the 
advantage of being co-pointed with the LAT. !

Quicker follow-up observations have potential high payoffs: additional 
GRBs afterglows, and early afterglow and prompt optical emission.!

We continue to work to improve the GBM localization speed and 
accuracy.  Soon human-guided localizations will be provided as 
Notices.   We plan to provide rapid predictions of likely LAT 
detections, based on the results of E. Bissaldi (talk). !



GRB 090902B!
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Detected in the LAT (more in the next talk by V. 
Pelassa), including a 33 GeV photon.!
Two spectral components – a power law!
dominates the Band component at both low (<50 
keV) and high (>100 MeV) energies.!
The extra-component is significant with just the 
GBM data!!
Abdo et al., ApJL, 706, L138 (2009).!
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GBM trigger. The X-ray afterglow was detected within the
LAT error circle by the Swift X-ray Telescope (XRT) (Kennea
& Stratta 2009), and Ultraviolet/Optical Telescope (UVOT)
(Swenson & Siegel 2009), and later by several other ground-
based multiwavelength facilities. The burst redshift, z = 1.822,
was determined by the Gemini-North telescope (Cucchiara et al.
2009). The afterglow was also seen at radio frequencies by the
Westerbork Synthesis Radio Telescope (van der Horst et al.
2009) and by the Very Large Array (Chandra & Frail 2009).

The details of the optical-infrared (IR) observations along
with the temporal and spectral properties of the afterglow are
described in the next section. In Section 3, we discuss the
observed properties of the afterglow and comparisons to various
models. These results are summarized in Section 4. Throughout
the paper, we use the usual power-law representation of flux
density, f ν(t) ∝ ν−β t−α , for the regions without spectral breaks
where α and β are the power-law temporal decay and spectral
indices, respectively. For the cosmological calculations, we have
used the cosmological parameters H0 = 71 km s−1 Mpc−1,
ΩM = 0.27, and ΩΛ = 0.73. Errors are quoted at the 1σ level
unless otherwise stated.

2. OBSERVATIONS AND DATA REDUCTION

The receipt of a ground-corrected GBM trigger with a
1◦ nominal location error initiated an observing sequence
for ROTSE-IIIa, located at the Siding Spring Observatory in
Australia (Pandey et al. 2009a). The telescope began taking
three sets of thirty 20 s images, tiled around the GBM estimated
location. Only the third set, starting 80 minutes after the burst,
with R.A. = 17h38m13s and decl. = +27◦30′59′′, covered the
XRT burst location later identified as R.A. = 17h39m45.s26 and
decl. = +27◦19′28.′′1 (Kennea & Stratta 2009). A substantial
fraction of the delay was imposed by the overlap of a previous
observation request for an unrelated field. Since the burst
occurred during the early afternoon in Namibia and Turkey,
ROTSE-IIIc and d could not respond until 6 hr later at which
point similar sequences of images were obtained. The raw
images were processed using the standard ROTSE software
pipeline and photometry was performed on co-added images
using the method described in Quimby et al. (2006). The
ROTSE-IIIa observations were taken under bright night sky
conditions with a lunar phase 2 days short of full. By the time
the relevant exposures began, the transient was 13◦ above the
horizon, decreasing to less than 11◦ at completion.

Because of the difficult observing environment, we carefully
examined various possibilities that could lead to a false iden-
tification. All such efforts were confined to a 329 × 304 pixel
sub-image spanning 18′ × 17′, centered at the optical transient
(OT). Within this field, 34 false positives were identified by
SExtractor with signatures similar to the GRB OT. After cor-
recting for the small fraction of the image too bright for such
detections, the probability of such an event within a 5 × 5 pixel
region close to the GRB coordinates established by later ob-
servations is less than 1%. We next examined the sequence of
30 images carefully to determine if the apparent OT signal was
an artifact of one or two frames with spurious problems. Five
USNO stars with 13.2 ! mR ! 14.3 were chosen to establish
the image point-spread function and the sky extinction, frame-
by-frame. Not surprisingly, the sky extinction and the ambient
sky brightness increased by 30% and 20%, respectively, over
the 890 s duration of these observations. For each image, the
OT amplitude was determined and the entire set was fit to a
power law in time, constrained to the observation obtained by
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Figure 1. X-ray and optical afterglow light curves of the GRB 090902B. The
solid lines mark the best-fit power laws to the XRT, u, and R band light curves.
An offset of 2 mag has been applied to the u-band data for clarity. The power-law
segment between the first ROTSE data point and the Nickel data is shown by a
dashed line.

the Nickel telescope (Perley et al. 2009) 17 hr post-burst. The
best fit corresponds to mR = 16.4 ± 0.5 at t = 5320 s after the
burst and located within 1′′ of later, deeper detections. Based
on the statistical analysis of the total ensemble of 30 measure-
ments, we estimate a spurious detection probability of less than
1%. Combined with the spatial localization constraint, the prob-
ability of a false identification is less than 1 × 10−4.

The UVOT magnitudes in u band were calculated using the
UVOT photometric system (Poole et al. 2008) and the XRT data
were reduced using the standard tools (Evans et al. 2007). The
V,R, and I magnitudes of the afterglow from the data taken
by 1.0 m Nickel, 2.0 m Liverpool, and 2.5 m NOT telescopes
were computed using nearby stars in the GRB field calibrated
on October 10 under good photometric sky conditions by the
2.5 m NOT telescope. The r ′ magnitudes were obtained using
GROND (for details see McBreen et al. 2010; Olivares et al.
2009). The J and K magnitudes of the afterglow were computed
with respect to nearby Two Micron All Sky Survey stars from
the data taken by 3.8 m UKIRT and 4.2 m WHT. The photometry
of the optical afterglow from these observations is summarized
in Table 1 and the V,R, I magnitudes of the five nearby stars
in the GRB field are given in Table 2.

2.1. Afterglow Light Curves and Spectral Energy Distribution

The optical data for the afterglow taken in R, r ′, and u
filters along with the publicly available XRT data are plot-
ted in Figure 1. Single power-law fits to the R and u band
data >12.5 hr post-burst have temporal decay indices of 0.90 ±
0.08 and 0.90 ± 0.14, respectively. To obtain continuity, the
ROTSE optical data require a steeper decline at earlier times,
with a temporal decay index ∼1.6 or greater. The XRT light
curve is characterized by a single power law with a decay index
of 1.30 ± 0.04, starting from 12.5 hr to 17 days after the burst.

The Swift-XRT time-averaged spectrum (∼12.5–413 hr post-
burst) has been analyzed using XSPEC with an absorbed

090902B: Most of the observations are based upon the 
location from the LAT and start from 12.5 hours.!
ROTSE-IIIa observed the afterglow at 80 minutes based 
upon the GBM location.   The delay was due to the need to 
tile and the observation of an unrelated object.   Pandey et 
al., ApJ, 714, 799 (2010)!



GRB Spectral Analyses!
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GBM has a very broad energy range – 8 keV to 
40 MeV – extending both lower and higher than 
BATSE.    This spectral information is available at 
full temporal resolution: the Time-Tagged Event 
(TTE) datatype provides individual count data.    
This combination is making new results possible 
in temporal analysis, time-resolved spectroscopy 
of short GRBs and in the identification of spectral 
components.!
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GRB 090510!
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Guiriec et al., arXiv:1009.5045 / ApJ, in press!



The latest GBM spectral results!
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  Simultaneous observations of non-thermal and 
thermal components in GRB 100724B – talk by 
Sylvain Guirec.!
  Fits of GRB 090820A using synchrotron 
models – late-breaking talk by Michael Burgess.!
  Spectral lags of short GRBs – S. Foley poster 
– possible diagnostic for additional components.!
  pulse fits of long and short GRBs – N. Bhat 
poster.!
  Analysis of the very long GRB 091024 – David 
Gruber.!



Conclusions!
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GBM features: !
 Very wide Field of View.!
 Broad spectral coverage at high temporal resolution.!
 Rapid locations.!

GBM services:!
 Synergy with the LAT for spectra over more than 6 
decades of energy (8 keV to 33 GeV).!
 Providing Autonomous Repoint Requests for bright GRBs 
to improve LAT observations of GRBs.!
 Providing parameters of the prompt spectra for 
correlating with other GRB properties, including Swift and 
ground-based afterglow observations.!
 Prompt locations of Fermi GRBs. !


